Background Nipple-sparing mastectomy (NSM) is gaining popularity due to its superior aesthetic results. When reconstructing the breast with free abdominal tissue transfer, we must readdress the recipient vessel, because NSM can cause difficulty in access to the chest vessel. Methods Between June 2006 and March 2011, a total of 92 women underwent NSM with free abdominal tissue transfer. A lateral oblique incision was used for the nipple-sparing mastectomy. For recipient vessels, the internal mammary vessels were chosen if the mastectomy flap did not block access to the vessels. If it did, the thoracodorsal vessels were used. Age, degree of breast ptosis, weight of the mastectomy specimen, and related complications of the internal mammary vessel group and the thoracodorsal vessel group were compared. Results Thoracodorsal vessels were used as recipient vessels in 59 cases, and internal mammary vessels in 33 cases including 4 cases with perforators of the internal mammary vessels. Breast reconstruction was successful in all cases except one case involving a total flap failure, which was replaced by a silicone gel implant. The internal mammary group and the thoracodorsal group were similar in terms of age, height, breast weight, and degree of ptosis. The flap related complications such as flap loss and take-back operation rates were not significantly different between the two groups. The rate of nipple necrosis was higher in the internal mammary group. Conclusions The thoracodorsal vessels could produce comparable outcomes in breast reconstruction after nipple-sparing mastectomies. If access to internal mammary vessels is difficult, the thoracodorsal vessel can be a better choice.
INTRODUCTION
Skin-sparing mastectomy was a breakthrough technique that greatly improved breast reconstruction aesthetic results [1, 2] and increased the advantages of immediate reconstruction. It is oncologically safe [3] , and now is one of the most widely used mastectomy methods for immediate breast reconstruction. Another mastectomy option that can preserve the whole native skin envelope is nipple-sparing mastectomy. Although concerns have been raised regarding the oncological safety of this technique [4] [5] [6] [7] [8] [9] [10] [11] [12] , the aesthetic results seem to be obviously superior [10, [13] [14] [15] [16] [17] . The nipple-areola complex is much more difficult to reconstruct than the breast mound. The shape and consistency of the breasts reconstructed with autologous tissue are very similar Departments of 1 Plastic Surgery, and to the native breast. However, the shape and color of the reconstructed nipple is not as similar [18, 19] , and the texture of the reconstructed nipple-areola complex can differ from the existing one as it is usually made using the skin from the abdomen or back. Saving the nipple-areola complex is of a great benefit to patients, so more effort should be made to use nipple-sparing mastectomies.
A nipple-sparing mastectomy (NSM) can provide the best skin envelope for implant-based reconstruction because the whole breast covering remains intact. This is also true in microvascular breast reconstruction using free transverse rectus abdominis musculocutaneous (TRAM) or deep inferior epigastric artery perforator (DIEP) flaps. The combination of a NSM and free abdominal tissue transfer can provide the optimal skin envelope and breast mound [13, 14] . Although this combination of procedures is currently uncommon, its popularity is expected to rapidly increase. Applying this combination requires particular considerations in terms of recipient vessels, a monitoring window and managing any nipple-areola complex necrosis. However, few studies have reported on issues surrounding the use of this combined procedure.
The present report describes our experience with breast reconstruction using free abdominal tissue transfer after nipplesparing mastectomy, with a focus on recipient vessel choice and complications.
METHODS
Between June 2006 and March 2011, a total of 92 women underwent NSMs with immediate breast reconstruction using free abdominal tissue transfer. Cases involving other reconstructive techniques were excluded from the present analysis. The mastectomy and reconstruction was unilateral in all cases. The flaps used for reconstruction were muscle-sparing free TRAM flaps in 38 women, DIEP flaps in 52 women, and superficial inferior epigastric artery (SIEA) flaps in two women.
Every woman was a candidate for a nipple-sparing mastectomy, unless there was evidence of direct involvement of the breast cancer with the nipple-areola complex. The final decision to spare the nipple-areola complex was based on intraoperative pathologic evaluation of breast specimens from the undersurface of the nipple. The NSM incision was a lateral oblique incision commencing from the lateral end of the areola and extending to the anterior axillary line (Fig. 1A) . The usual length of the incision was 7 to 9 cm. The incision did not interrupt the border of the areola and did not extend into the medial skin.
Recipient vessels were either the internal mammary vessels or the thoracodorsal vessels, with the former being the first con- sidered. Retraction of the skin envelope was aimed to expose the lateral sternum border with a perpendicular view (Fig. 1B ), and if it was possible, the internal mammary vessels were chosen for the recipient. A perforator artery from the second intercostal space was investigated for use as a recipient vessel, and was deemed large enough to use in microanastomosis if the diameter of the artery exceeded 1 mm (Fig. 1C) . If the diameter was less, the widest intercostal space was divided to approach the internal mammary vessels. A chest X-ray was an excellent indicator of the width of the intercostal spaces, and the second and the third intercostal space was most commonly adopted. Splitting of the pectoralis major muscle and division of the intercostal muscle exposed the internal mammary vessels. If the width between the rib cartilages was greater than 1 cm, microanastomosis was possible. Otherwise, partial resection of the rib cartilage was helpful.
If the lateral border of the sternum was not exposed properly or the skin flap covered the working field, the thoracodorsal vessels were selected as recipient vessels without attempting to lengthen the incision medially (Fig. 2) . If the axilla was not exposed sufficiently with retraction of the skin and the pectoralis muscle, the incision was immediately extended laterally to ensure an adequate microanastomosis position. The thoracodorsal vessels were readily identified after axillary lymph node dissection. Without axillary lymph node dissection, exploration of the fatty tissue at the undersurface of the latissimus dorsi muscle was necessary. It was important to obtain maximal vessel length in order to pull the flaps medially to provide sufficient volume in the medial pole. The internal mammary vessels are a better choice for the SIEA flaps since that flap pedicle is shorter than those of the free TRAM or DIEP flap. For the purpose of flap monitoring, a 
Fig. 3. Preoperative and postoperative photographs
(A) A 31-year-old woman who underwent a nipple-sparing mastectomy and muscle-sparing free transverse rectus abdominis musculocutaneous (TRAM) flap on the left breast. Although she was nulliparous single, both breasts showed a moderate degree of ptosis. (B) A simultaneous mastopexy of the contralateral breast was performed using a periareolar incision. A periareolar incision was not used on the left breast in order to save the nipple-areola complex, and the skin envelope was redraped upwards over the TRAM flap. The nipple level and degree of ptosis were acceptably symmetrical for the two breasts.
A B small (1 × 2 cm) skin island was preserved and placed between the incision margins. Flap monitoring involved periodic observation of the color and capillary refill of the skin island. Age, degree of ptosis, weight of the mastectomy specimen, microsurgical outcomes, and complications were compared between the groups for which internal mammary vessels were used and those that had thoracodorsal vessels as recipient vessels. Differences in demographic data between the internal mammary vessel group and thoracodorsal vessel group were evaluated using a t test. Chi-squared tests or Fisher's exact tests were used to determine significant differences in complications such as take back operation, flap failure, nipple necrosis, mastectomy skin necrosis, seroma, and hematoma. Significance was determined by a value of P = 0.05. All analysis was performed using SPSS ver. 18.0 (IBM Co., Armonk, NY, USA).
RESULTS
Breast reconstruction with microsurgical transfer of abdominal tissue was accomplished as planned in all cases (Fig. 3) , except one patient from the internal mammary group who experienced a total flap failure that was replaced with a silicone gel implant. Recurrence of breast cancer was not observed in any patient during the follow-up period (5-34 months, mean 18.1 months).
Appropriate exposure of the internal mammary vessels or their perforators was possible in 33 women who were assigned to the internal mammary vessel group, while the axilla was explored in the remaining 59 women who were assigned to the thoracodorsal vessel group. Among the 33 cases of the internal mammary vessel group, the internal mammary perforator was used in 4 cases. The internal mammary and thoracodorsal groups were similar in terms of age, height, breast weight, and degree of ptosis (Table 1) .
There were 5 cases of venous congestion which required takeback operations. Reanastomosis of the vein resulted in the flap being salvaged in 4 of those cases, whereas the flap had to be sacrificed in the other case. The rate of take-back surgery was 9.1% in the internal mammary vessel group and 3.4% in the thoracodorsal vessel group (Table 2) . Statistical analysis using the chisquared method showed that there was no significant difference between the two groups in terms of incidence of flap failure, mastectomy skin necrosis, seroma, or hematoma. In terms of a nipple necrosis, there was a significant difference between the internal mammary group and the thoracodorsal group. In one internal mammary group case, a wide area of the skin envelope including the nipple (12 × 7 cm) became necrotic. However, necrosis was anticipated during the operation, and the skin of the flap was not deepithelized and was buried under the skin envelope. Two weeks after surgery, the necrotic skin was debrided and replaced with the buried skin.
In 9 women, simultaneous reduction or mastopexy of the contralateral breast was performed using a vertical mammaplasty design. The vertical design could not be applied to the reconstructed breast because a periareolar incision would lead to excision of the nipple-areola complex. Instead of lifting the areola using a skin excision, the areola was relocated by redraping the mastectomy skin envelope over the flap in an upwards direction to the level of the opposite areola.
DISCUSSION
Over the last decade, the choice of recipient vessels for breast reconstruction has shifted from the axillary vessels to internal mammary vessels [20, 21] . The advantages of using the internal mammary vessels include more stable microsurgical results, effectiveness in placing volume in the medial pole of the breast and a simpler surgical procedure. Consequently, thoracodorsal vessels are becoming considered as a second choice. However, with the application of the nipple-sparing mastectomy, more frequent use of thoracodorsal vessels should be considered. In the present series, there was no absolute indicator for choosing Values are presented as number (%). Statistical analysis using the chi-squared test showed there were no significant differences between the two groups for each complication rate. Categorical variables, chi-squared test or Fisher's exact test. IMA, internal mammary vessels; IMAp, perforator of IMA; TDA, thoracodorsal vessels. which vessels would be used as the recipient. The vessels were solely chosen by the surgeon's familiarity with the microvascular surroundings. Some surgeons might be comfortable with the narrow space partially covered with a skin flap and choose the internal mammary vessel more frequently, and some others might not be. Of course, there might be some extreme cases in which the exposure of the sternal margin is almost impossible without additional incision. Our data shows that regardless of the vessel that was chosen, there was no difference in the microsurgical outcomes or flap related complications. The rate of venous congestion and flap failure when using thoracodorsal vessels was in the acceptable range. It is well known that the thoracodorsal vessels are probably among the most reliable recipient vessels in the human body.
Internal mammary vessels could be used more frequently if surgeons could cope with some discomfort during microanastomosis. Extension of the incision to the medial skin may be helpful in approaching the internal mammary vessels. However, the merits of the internal mammary vessels do not seem to outweigh the unnecessary scars interrupting the breast subunit and the increased risk of nipple necrosis. The SIEA flap is an exception since the pedicle is much shorter than the deep inferior epigastric artery, and therefore the recipient vessels should be the internal mammary vessels. A SIEA flap should not be planned if the internal mammary vessels are not available. We found that a small skin island served as an excellent monitoring window and reflected the exact status of flap vascularity. Although there are many other techniques for monitoring a buried flap, the skin island is the most reliable and economical [22] . There were 5 cases of venous congestion on the day after surgery, and 4 were salvaged with take-back operations. The skin island window was critical in accurate early detection of flap compromise. However, one major drawback of skin island monitoring is inducing flatness after excision. It is difficult to redrape the skin envelope after excision of the skin island because the envelope is already fixed to the flap. Therefore, the skin island width should be less than 1 cm, and it should be located as laterally as possible. A width of 1 cm is sufficient to monitor flap color and apply leeches if required. However, a skin island that is too small can be a problem since a bruise or blood clot could disguise the true flap color.
Unfortunately, a classical breast reduction incision cannot be used in nipple-sparing mastectomy. A NSM should be abandoned if breast ptosis is severe. However, if ptosis is moderate, the nippleareola complex can be relocated by upward redraping of the mastectomy skin envelope. Ptosis of the reconstructed breast can be controlled by elevation and fixation of the flap to the chest wall, and the nipple-areola complex may be sutured to the flap at the desired level.
The most serious problem associated with NSM is necrosis of the preserved nipple or areola. Loss of the nipple after a NSM will result in a worse outcome than a skin-sparing mastectomy. There is no abdominal skin occupying the areola area and scarred tissue around the nipple would counteract nipple reconstruction. Partial loss of the areola skin will also lead to disfiguring depigmentation. In cases where the surgeon believes the nipple-areola complex may not survive, skin banking under the mastectomy skin envelope is a useful approach [23, 24] . The nipple and areola are more vulnerable to necrosis than the mastectomy skin flap because they are sitting on the most distal part of the preserved skin. Furthermore, when the internal mammary vessels are used as recipient vessels, the mastectomy skin flap should be retracted with some tension for more than one hour. While it is not clear whether this influences survival of the nipple-areola complex, survival of the nipple and areola is more important than the selection of recipient vessels, as patients expect a benefit following a nipple-sparing mastectomy.
